Urbanization is one of the most extreme forms of environmental alteration, posing a major threat to biodiversity. We studied the effects of urbanization on avian communities via a systematic review using hierarchical and categorical meta-analyses.
more likely to detect negative urbanization effects on species richness than studies that considered short gradients (i.e. urban vs. suburban or urban vs. rural areas). In contrast, we found little evidence that the effect of urbanization on abundance was influenced by gradient length. Effects of urbanization on species richness were more negative for studies including public green spaces (parks and other amenity areas) in the sampled landscapes. In contrast, studies performed solely in the urban matrix (i.e. no green spaces) revealed a strong positive effect on bird abundance. When performing subset analyses on urban-suburban, suburban-rural and suburban-natural comparisons, species richness decreased from natural to urban areas, but with a stronger decrease at the urban-suburban interface, whereas bird abundance showed a clear intermediate peak along the urban-rural gradient although abundance in natural areas was comparable to that in suburban areas. This suggests that species loss happens especially at the urban-suburban interface, and that the highest abundances occur in suburban areas compared to urban or rural areas. Thus, our study shows the importance of suburban areas, where the majority of birds occur with fairly high species richness.
K E Y W O R D S
abundance, biodiversity, city size, gradient length, rural, species richness, suburban, systematic review 1 | INTRODUCTION Urbanization is one of the most extreme forms of environmental alteration, posing a major threat to biodiversity and altering fundamental ecosystem services upon which human civilization depends (Aronson et al., 2014; Sol, Gonz alez-Lagos, Moreira, Maspons, & Lapiedra, 2014) . The problems caused by urbanization are diverse.
As environmental conditions are significantly altered, natural habitats of many plant and animal species are rapidly reduced and transformed (Grimm et al., 2008) . Cities are novel ecosystems, characterized by fragmented environments with a higher level of disturbance than natural habitats and with a strongly altered pattern of resources (Alberti, 2015; Rebele, 1994) . However, with the rapid expansion of urban development (Cohen, 2006; Seto, Parnell, & Elmqvist, 2013) and the associated modification of habitats, it is crucial to understand the relationship between biodiversity and urban habitats (Clergeau, Savard, Mennechez, & Falardeau, 1998) .
Bird abundance and community composition in urban areas have been well described, with the main conclusion that bird community composition becomes increasingly impoverished with urban development, leading to the dominance of a few abundant species (Kelcey & Rheinwald, 2005) , and hence resulting in long-term reduction in diversity (Chace & Walsh, 2006; Sol et al., 2014) . Researchers have commonly observed lower species richness in urban areas relative to that of the surrounding rural landscapes (Clergeau, Croci, Jokim€ aki, Kaisanlahti-Jokim€ aki, & Dinetti, 2006; Sandstr€ om, Angelstam, & Mikusinski, 2006) . However, these patterns are by no means universal, and other studies have found a non-linear response, in which areas with intermediate levels of urbanization exhibit the highest richness (Blair, 1996; Marzluff, 2001; McKinney, 2002; Tratalos et al., 2007) , whilst overall bird abundance often increases from rural to urban areas (Chace & Walsh, 2006; Faeth, Bang, & Saari, 2011; Njorge, NdaNg'ang'a, & Natuhara, 2014) although other studies have found no trend (Chamberlain, Kibuule, Skeen, & Pomeroy, 2017) or inconsistent responses across different cities (Garaffa, Filloy, & Bellocq, 2009; Jokim€ aki, Clergeau, & Kaisanlahti-Jokim€ aki, 2002) .
The variety of responses of bird communities to urbanization gradients may arise for a number of reasons. First, there is no generally accepted definition of what is an "urban" landscape, and considerable differences in classification of urban, suburban and rural habitats exist among countries and continents (McIntyre, Knowles-Y anez, & Hope, 2000; Seto et al., 2013) . Thus, behavioural responses of animals to urban gradients may differ between individual studies, in part due to variations in gradient composition. Second, gradient length and resolution may affect the conclusions of studies. In particular, many studies often reduce the urban-rural gradient to a simple dichotomy, which may obscure important non-linear effects in terms of urban-suburban and suburban-rural transitions (Alberti, 2015) . Third, the characteristics of individual cities may affect responses along the urban-rural gradient. Whilst this may be underpinned by a large number of interacting factors (e.g. pollution levels, socioeconomic conditions, habitat management, availability of green space), human population size in cities can be a general indicator of key characteristics (Bettencourt & West, 2010) , such as habitat loss, fragmentation and disturbance. Thus, human population size has been shown to be important in affecting patterns of bird species richness within cities (Gagn e, Sherman, Singh, & Meetemeyer, 2016) and of bird abundance responses to urban-rural gradients (Garaffa et al., 2009 ) although Clergeau, Jokim€ aki, and Savard (2001) found no effect of human population size on species richness.
The main objective of this study was to perform a set of metaanalyses based on a comprehensive and systematic literature review, thereby synthesizing the relative impact of urbanization on bird assemblages. Importantly, we also assessed factors that may have underpinned the wide variation in responses detected in previous studies. In particular, (i) we adopted an objective definition of urban, suburban and rural areas (e.g. Clergeau et al., 2001 and Saari et al., 2016) in order that different gradients can be broadly comparable;
(ii) we assessed bird responses across a simple urban-rural contrast, but also assessed intermediate levels of urbanization, thus allowing detection of non-linear responses; and (iii) we assessed the responses of bird communities in relation to city size, which is assumed to be a good indicator of city-level characteristics (as per Bettencourt & West, 2010) . This type of analysis provides a statistical framework for integrating results of previous studies, and aids our understanding of both the ecological implications of increasing urbanization and how to mitigate its threat to biodiversity.
| MATERIALS AND METHODS
We studied the effects of urbanization on bird communities within a systematic review framework using meta-analysis. In ecology, there is a growing need for quantitative research syntheses to generate higher-order conclusions (Gurevitch, Curtis, & Jones, 2001; Stewart, 2010) . In contrast to qualitative and descriptive traditional reviews, meta-analysis allows the quantification and summary of results of several independent studies examining the same question (Cooper, Hedges, & Valentine, 2009; Gurevitch, Morrow, Wallace, & Walsh, 1992) . In meta-analysis, the magnitude of standardized effects (effect size) is quantified from each individual study, and these are then used to calculate the combined (overall) magnitude and significance of the effect under the meta-analytical study (Hedges & Olkin, 1985 Only studies published in peer-reviewed journals were included in the meta-analysis, relying on the peer-reviewed process as a first step of quality control. After a duplicate filtering for hits located by | 1047 Fig. S1 ). We applied the following inclusion criteria for study selec- Table S3 . In cases where an article was excluded due to underreported statistics, we contacted the authors for further information (15 articles), but the response rate was low (40%).
| Data extraction
To test the dependence of the urbanization effect on city size, we used the human population data provided in the articles or checked the population size of a city for the year when the study was carried out using online databases and websites (Tables S1 and S2 ). Given the inconsistent and often subjective classifications of urban landuse types (Seto et al., 2013) , we standardized definitions based on descriptions provided in the articles used in the meta-analysis and re-categorized the data according to the following classification to provide more homogenous comparison across studies: "Natural"-natural or semi-natural habitats with little or no human habitation;
"Rural"-very low density of housing in a modified, usually farmland matrix; "Suburban"-residential areas, consisting of low-rise houses with lawns and/or private gardens, and relatively high vegetation cover (ca. 50% or more, where quantified); and "Urban"-dominated by artificial, sealed surfaces (>50% where quantified), and characterized by commercial/industrial buildings or high-rise residential areas.
In cases where only qualitative descriptions were given, we accepted, or re-classified as necessary, categories which were stated to be predominated by the land uses described above (i.e. we assumed the 50% thresholds, as above). However, in some cases, it was still not possible to separate categories, in particular urban and suburban classes.
Of the 39 studies used in the meta-analyses, we accepted the classification of 22 studies (Tables S1 and S2 ). We changed the original classification of urban land-use types according to our categorization for 11 studies, either in terms of changing the definition (e.g. from suburban to urban), amalgamating groups used in a given study into one of our four categories, or changing the terminology to fit in with our classification. Among them, there were six studies where urban and suburban classifications could not be clearly separated, and so were classified as "Urban + Suburban." Additionally, there
were six further studies that investigated a gradient of settlement size or a grid-based urbanization gradient, where such a classification was not possible. The latter were included in the summary analyses and calculation of overall mean effect size, but not in the categorical or subset analyses (see below).
Based on this re-classification, the species richness and abundance datasets were divided into two groups according to which part of the urbanization gradient was studied. Thus, we defined a "short gradient," if the comparison was urban vs. suburban or suburban vs. rural habitats, and a "long gradient," if the whole urban to rural gradient was analysed (Fig. S2) . Importantly, urban public green spaces, including parks, public gardens and other amenity areas, can be significant contributors to overall biodiversity (e.g. Fern andez-Jur-
), but may occur across the urban-rural gradient, and yet themselves form rather separate habitats within a given land-use category. To account for this (11 studies), we incorporated green spaces (referred to in the analysis as parks for simplicity, but encompassing a range of urban green spaces) as a factorial moderator in the meta-analyses (i.e. presence or absence of parks included within the sampled landscapes for a given land-use type). There were nine studies that did not specify whether green spaces were included and which were omitted from this analysis.
| Effect size calculation
For an effect size measure, we used Pearson's correlation coefficient (r). The effect sizes and their variances were calculated for all observations in different ways depending on the type of source data: (i) from two-level categorical data (e.g. urban vs. rural classes), Hedges' g (i.e. the unbiased standardized mean difference) was calculated based on the mean, standard deviation and sample size (number of study sites) of species richness and abundance of urban and rural areas. This was then transformed to Pearson's correlation coefficient; (ii) from continuous urbanization gradients, Pearson's r was calculated from t, F or v 2 data; (iii) from three-level categorical data (e.g. urban-suburban-rural classes), Hedges' g was calculated for
urban-suburban and suburban-rural data separately, then these were transformed to Pearson's r (Lajeunesse, 2013) . Then, we computed the combined urban-suburban and suburban-rural effect sizes considering multiple comparisons within a study (Borenstein, Hedges, Higgins, & Rothstein, 2009 ); (iv) if studies did not provide data for the whole community (e.g. overall abundance), but they provided data separately for traits (e.g. abundance presented only for feeding groups and not for all species), we first calculated effect sizes for the separate traits, then combined them in one Pearson's r considering multiple outcomes within a study (Borenstein et al., 2009) , and finally we corrected these effect sizes by weighting them based on the relative abundance of the feeding groups. All Pearson's r values were transformed to Fisher's z for all analyses, but were back-transformed for data visualization, since the interpretation of Pearson's r is more straightforward. A negative effect size indicated a decrease in species richness or abundance from rural to urban areas.
| Meta-analysis
We performed hierarchical meta-analyses separately for species richness and abundance, which allowed the specification of nesting factors. Then, we performed mixed effects models with fixed effects (see moderators, i.e. predictor variables, below) and random effects to account for differences across studies, assuming that they do not share a common mean effect, but that there is random variation among studies, in addition to within-study sampling variation (Borenstein et al., 2009; Harrison, 2011) . The models also took into account the hierarchical dependence in our data due to cases where multiple observations (i.e. effect sizes) were obtained from the same study. Having several effect sizes from the same publication violates the assumption that effect sizes are independent (Rossetti, Tscharntke, Aguilar, & Bat ary, 2017) . Therefore, we included a publication-level random effect as a nesting factor to incorporate this dependency of multiple outcomes within study observations (see Appendix S2 for model codes). Additionally, we also considered the geographic dependencies of the studies by including continent as the first nesting factor in all models.
First, we performed random effects summary meta-analyses to calculate the overall mean effect size for all species richness data and all abundance data separately (Appendix S2). This provided a general measure of the overall effect of urbanization, which implicitly assumes a linear relationship. Given that more than 80% of papers reported a simple measure of species richness (number of species observed), rather than using richness estimates adjusted for sampling effort or abundance (e.g. rarefaction), we used this metric in the analysis. When type of index (simple or adjusted richness) was included as a factorial moderator, there was no significant moderation effect (Q m = 2.875; p = .090). The output of each statistical test consisted of the mean effect size for the analysis with accompanying 95% Cis, and a total heterogeneity statistic (Q). The heterogeneity statistic is a weighted sum of squares and is tested against a v 2 distribution with df = n À 1. Estimates of the effect size were considered to be significantly different from zero if their 95% CIs did not include zero (Borenstein et al., 2009 ).
Second, we performed categorical meta-analyses using gradient length (short or long) and inclusion of urban green spaces in the sample for a given study (referred to as park or non-park) as moderators (Appendix S2). The total heterogeneity in categorical meta-analysis can be partitioned into variance explained by the categorical factor in the model (between-group heterogeneity) and residual error variance (within-group heterogeneity) with v 2 tests indicating their significance. A significant between-group heterogeneity indicated that species richness or abundance responses to urbanization differed based on gradient length or inclusion of green spaces. Additionally, we performed meta-regressions using city size as a continuous moderator (city size was measured as population size and was log-transformed to achieve a normal distribution and hence a better model fit). There was no relationship between city size and gradient length (two sample t-test for species richness: t = À1.42, df = 26, p = .167; for abundance: t = 1.38, df = 15, p = .187). We did not include season in which species richness was measured as moderator as the majority of studies were carried out in the breeding season.
Third, to assess potential non-linear responses in species richness and abundance along the urbanization gradient, we performed subset analyses for urban-suburban, suburban-rural and suburban-natural comparisons using studies that considered the four categories:
urban, suburban, rural and natural, and provided data for at least one of the comparisons. This enabled us to calculate effect sizes (Fisher's z transformed to Pearson's correlation coefficient) for urban-suburban, suburban-rural and suburban-natural comparisons. Here, we often analysed dyads of urban-suburban, suburban-rural and suburban-natural comparisons together, which meant that suburban categories were included in many studies twice. To account for the non-independence of multiple treatments with a common control (Borenstein et al., 2009 ), we included the dyad containing the corresponding urban-suburban and suburban-rural, or urban-suburban and suburban-natural, comparisons as a nesting factor (Tables S4   and S5 ; Appendix S2).
| Publication bias
Studies finding a significant effect may be more likely to be pub- 
| RESULTS
In the summary of meta-analysis of all data, we found a significant overall negative effect of urbanization on bird species richness,
showing that in general species richness was consistently lower towards more urbanized landscapes (Table 1, Figure 1a ). Bird abundance increased with urbanization with a small, marginally significant effect ( Figure 1b ).
Including city size as a moderator, we found only a small, positive, non-significant moderation effect of urbanization on bird richness (Table 1, Figure 1a ). For abundance, there was no marked moderation effect of city size at all (Figure 1b) . When we analysed the potential effect of gradient length, we found stronger negative effects in long than in short gradients on species richness (although this between-group heterogeneity was not significant as shown in Table 1 ). Additionally, for the short gradient, the effect was not significantly different from zero ( Figure 1a) . For bird abundance, there was a small, marginally significant, positive effect in short gradients BAT ARY ET AL.
| 1049 and no effect in long gradients, but there was no significant difference between the two gradient lengths (Table 1, Figure 1b) . Finally, studies including green spaces showed a large and significantly negative urbanization effect on species richness in contrast to studies not including them, but their effect sizes did not differ from each other (Table 1 , Figure 1a ). However, in the case of abundance, the urbanization effects in "parks vs. non-parks" showed a strong contrast, with significant positive effects in the absence of green spaces and marginal negative effects when green spaces were present (Figure 1b ).
When considering urban-suburban vs. suburban-rural or suburban-natural contrasts, bird species richness showed that urbanization had a large negative effect from suburban to urban areas, a less strong, but still significant decrease from natural to suburban areas, but no change from rural to suburban areas (Table 2, Figure 2a,b) .
Additionally, effect sizes of urban-suburban vs. suburban-rural comparisons, and also urban-suburban vs. suburban-natural comparisons, differed from each other significantly. For abundance, we found that bird numbers increased with a small effect from natural to suburban areas, and with a large effect from rural to suburban areas, but then decreased with a small effect from suburban to urban areas (Figure 2c,d ). Finally, these two pairs of effect sizes (urban-suburban vs.
suburban-rural and urban-suburban vs. suburban-natural) also differed from each other significantly. These results therefore demonstrate a non-linear, intensifying decrease in species richness along the gradient from natural to urban areas, with a steady state from rural to suburban areas followed by a strong decrease towards urban areas (Figure 2b ). Finally, we observed a non-linear, hump-shaped pattern in abundance along the gradient with the highest values being in suburban areas, and a marked increase from rural to suburban areas (Figure 2d ). Natural areas had similar, although slightly lower, abundance compared to suburban areas.
None of the funnel plots of effect size vs. standard error of mean showed strong skewness (Fig. S3) , indicating no initial evidence of publication bias in our dataset. Regression tests did not show significant relationships between effect sizes and sample sizes (species richness: z = 1.76, p = .078; abundance: z = 0.16, p = .866). Therefore, there was no evidence of publication bias.
| DISCUSSION
Our meta-analysis of urbanization effects showed opposing general trends between bird species richness and abundance, richness decreasing and abundance increasing with increasing urbanization although effect size and significance level were lower for the latter.
When considering urban-suburban-rural/natural contrasts, the overall richness trend was confirmed in that there was an increasing trend from urban to natural landscapes. However, abundance showed a clear intermediate peak along the urban-rural gradient although abundance in natural areas was markedly higher than that in rural areas. 
The effects of urbanization on (a) species richness and (b) abundance of birds depending on city size (continuous gradient on log scale), gradient length (short vs. long) and green spaces ("Park," yes vs. no). Mean effect sizes and 95% CIs are shown. Numbers under symbols indicate sample size. Asterisks ((*)p < .1; *p < .05; ***p < .001) above effect size symbols denote a significant difference from zero (within-group heterogeneity), whereas one above a horizontal arrow indicates a significant difference between park and non-park studies (Table 1) The overall effect sizes indicated that urbanization affects species diversity (as measured by species richness) negatively, but has a positive effect on bird abundance, which confirms the general finding that overall abundance and biomass of birds typically increases with increasing urbanization as the number of species declines, with just a few species contributing to the majority of individuals (e.g. Blair, 2004; Cam, Nichols, Sauer, Hines, & Flather, 2000; Chace & Walsh, 2006; Clergeau et al., 2006) although these effects were relatively weak. When accounting for potential non-linearities by assessing urban-suburban, suburban-rural and suburban-natural contrasts, the pattern of decline in species richness with increasing urbanization was still evident and stronger when natural landscapes were considered. These results therefore support a more-or-less constant negative impact of urbanization on bird diversity (as per, for example, Clergeau et al., 2001 Clergeau et al., , 2006 Sandstr€ om et al., 2006) , rather than a peak at intermediate levels of the gradient, which has been commonly assumed (e.g. Marzluff, 2017) .
In contrast to other studies, however, there was evidence of an intermediate peak in abundance in relation to the urban-rural gradient. This suggests that suburban habitats as defined in this study, whilst supporting fewer species than natural areas and similar number of species as rural areas, can support a greater abundance of individuals of those species that can exploit this habitat. There are a number of reasons that may underpin this pattern, which could include greater energy availability (e.g. through bird feeding-Robb, MacDonald, Chamberlain, & Bearhop, 2008) or reduced competition or predation (Alberti, 2015) . However, considering the whole gradient from urban to natural habitats (rather than being restricted to the typical urban-rural gradient), it is evident that abundance in suburban areas is similar to that in natural areas, whereas it is markedly lower in rural areas (Figure 2 ). Given that most rural areas comprise low-density housing within an agricultural matrix, this pattern may also be related to negative impacts of farming practices on bird communities (e.g. Chamberlain, Fuller, Bunce, Duckworth, & Shrubb, 2000) .
Whilst there have been several reviews of bird community composition along urbanization gradients, there are very few which have taken a quantitative meta-analytical approach (Saari et al., 2016) , and assumptions about consistent patterns seem to be based more on qualitative assessments (e.g. Chace & Walsh, 2006; Grimm et al., 2008) . Indeed, Saari et al. (2016) , in a multi-taxa meta-analysis of terrestrial animals based on 26 studies, found weak evidence of negative effects of urbanization on species richness, and no evidence of consistent responses of abundance. Clergeau et al. (2001) did find evidence of negative effects of urbanization on bird species richness in a meta-analysis of 18 studies, but they did not consider abundance. Our meta-analysis provides further support to the negative effects of urbanization on bird species richness with a much larger sample size (37 studies) using robust statistical techniques, but also it is the first to provide evidence of a non-linear response of bird abundance to an urbanization gradient.
There was no evidence that city size played a role in influencing the relationship between urbanization and either species richness or abundance. Whilst other studies have found relationships between city size and either species richness or abundance (Gagn e et al., 2016; Garaffa et al., 2009 ), Clergeau et al. (2001 also did not find any association between bird species richness and human population size, nor urban extent or the bird diversity of adjacent rural habitats.
To some extent, these differences may have arisen due to the nature of the sample of cities. Both Garaffa et al. (2009) and Gagn e et al.
(2016) considered a sample from more restricted geographical areas than our study and that of Clergeau et al. (2001); thus, there may Asterisks (*p < .05; **p < .01; ***p < .001) above effect size symbols denote a significant difference from zero (within-group heterogeneity), whereas those above a horizontal arrow indicate a significant difference between urban-suburban and suburban-rural and urban-suburban vs. suburban-natural comparisons ( have been less influence of large-scale biogeographic factors. However, Clergeau et al. (2001) also found that more fine-scaled habitat variables were better determinants of bird communities than landscape-level metrics. Similarly, Evans, Newson, and Gaston (2009) concluded based on a literature review that in general, local factors are more important than regional factors in influencing bird communities. Further quantification of finer-scale, local habitat composition would be useful in this respect although such detailed information is currently available in too few studies to undertake the meta-analysis carried out here.
The effect of urbanization on species differed between different gradient types. The overall negative effect on species richness was especially clear (i.e. strong, negative significant effect) in studies that examined the whole urban to rural gradient, while there was no significant effect in studies which compared two urbanization categories only. In contrast, there was little evidence that the effect of urbanization on abundance was influenced by gradient length.
There was a decrease in abundance with increasing urbanization in studies where green spaces were included in the sampled landscapes, and an increase in abundance where they were absent. It is possible that generalist and opportunistic species well adapted to urban environments, and thus occurring in high numbers in several cities, could increase their population numbers in heavily developed land-uses (e.g. residential, commercial, industrial) more than in land- ), that is, urbanization effects in species rich areas which include green spaces may be more evident than urbanization effects where species richness is already low. Additionally, it should be stressed that these analyses did not test species richness in green spaces per se against species richness in the urban matrix. Rather, the comparison was between studies which included green spaces within the sampled landscape and those that did not. Furthermore, a range of public green spaces were included (mostly parks, but also "recreation areas," golf courses and urban woodlands); hence, our analyses cover a wide range of green space types. Given these factors, it is not really possible to draw firm conclusions on the value of green space for bird diversity based on these results. Nevertheless, our findings suggest that the value of green spaces to urban bird diversity may be influenced by landscape context. Further dedicated studies are needed to assess the role of urban green spaces on wider avian communities across urban-rural gradients.
The majority of the papers analysed did not consider separate groups of species (e.g. defined on the basis of taxonomic relatedness or ecological requirements), but rather used fairly simple measures of species richness and abundance of the whole community. However, bird species vary greatly in the extent to which they exploit urban habitats (e.g. Evans et al., 2009; Sol et al., 2014) . In particular, urban habitats often have a higher species richness and/or greater abundance of non-native species (e.g. Sol, Bartomeus, & Griffin, 2012) . The extent to which native and non-native species may have responded differently to the gradients analysed here is impossible to assess (only four papers considered native and exotic species separately), but future gradient studies should invest more effort in measuring responses of different species, especially non-native species.
Biodiversity studies on urban-rural gradients typically use landuse classifications (i.e. urban, suburban, rural) to assess responses to urbanization, as for the vast majority of studies considered in this paper. This does, however, have some drawbacks. First, category definitions may differ widely from study to study. We have attempted to account for these differences by taking our own (admittedly broad) definitions of land-use categories and re-classifying where necessary. In most cases, descriptions were sufficient to achieve this, even when no quantitative information was presented.
Second, comparing categories, rather than assessing responses to a continuous gradient, may restrict the ability to detect more subtle non-linear patterns along the length of the gradient, and importantly may be limited in terms of planning urban development where threshold effects of urbanization on bird communities could be identified. Despite our relatively simple classification, it is nonetheless notable that we did detect non-linear effects. Nevertheless, future studies should seek to measure urbanization using clearly defined and continuous measures, or at the very least should provide full quantitative descriptions of any defined land-use categories.
Urbanization affects bird species diversity. Although species loss is more marked from suburban to urban than from rural to suburban areas, our results nonetheless suggest that urbanization exerts a consistent more-or-less negative linear effect on bird species richness.
Previous reviews have found that the universality of richness and abundance responses is unclear (Saari et al., 2016) . 
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